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Only five (5) of the six (6) questions in this examination paper need to be answered. Each is of 
equal marks. 


Start each question on a new page. Identify clearly which question you are answering. 
Question 1 (20 marks) 


Question | is composed of 15 multiple choice questions. All parts should be completed and the 


answers transferred to your Answer book. 


1. Before insertion of an embryo during the IVF program (in vitro fertilisation), a cell is withdrawn 
and examined to determine if some potentially harmful allele is present or a gross chromosomal 
defect is apparent. This procedure of cell withdrawal from the embryo still allows normal 
development of the embryo. This is because 


a) Fertilisation has still to occur. 
b) The early embryonic cells do not show differentiation. 
c) Differentiation has occurred. 


d) X-chromosome inactivation is still to occur. 
2. Two chromosomes that are homologous will normally demonstrate the same 


a) Length. 
b) Centromere placement. 
c) Gene location. 


d) All of the above. 


3. Ina plant in which 2n = 36 what is the total number of chromosomes present in the cell during 
anaphase of mitosis? 
a) 72 
b) 36 
c) 18 
d) 9 


4. The overexploitation of whales in the 19" and early 20" centuries resulted in 


a) arandom loss of genetic variability. 
b) a bottleneck. 

c) the reduction of the genetic pool. 

d) All the above. 


Question 1 is continued on the next page. 
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DS: A measure of heritability for a trait in sheep: 


a) Is influenced by the environment. 
b) Gives the proportion of additive variance to the total phenotypic variance. 
c) Aids in selecting the best rams for breeding with respect to this trait. 


d) Encompasses all the above points. 


6. Type AB blood is the result of codominance of two alleles and due to the 


a) Intermediate expression of the two alleles. 
b) Joint expression of the two alleles. 
c) Sometimes dominance, sometimes recessiveness. 


d) Lack of dominance. 


7. DNA was extracted from many copies of the same chromosome in yeast cells and analysed for 
base composition. It was found to have 23% guanine. Using this information predict the 
amount, as a percent, of adenine in the same section of DNA. 


a) 23% 
b) 27% 
c) 54% 


d) The amount of adenine cannot be predicted. 
8. An active human cell with no DNA is most likely to be a: 


a) Leukocyte 
b) Muscle cell 
c) Nerve cell 


d) Red blood cell 
9. The genetic code is said to be degenerate because 


a) Accodon can describe more than one amino acid. 
b) Most amino acids are described by more than one codon. 
c) After translation the mRNA is degraded. 


d) There are many functional steps between DNA and synthesis of a functioning protein. 


Question 1 is continued on the next page. 
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In a mammal how many inactivated X-chromosomes (Barr bodies) would be present in cells of 
individuals who were XXY? 


a) 0 
b) 1 
c) 2 
d) 3 


An individual shows a translocation of a portion of the Y chromosome containing the SRY gene 
onto one of this person’s two X chromosomes. The rest of the genotype is considered normal. 
This person’s gender and chromosome constitution is: 

a) Female and 44,XxX 

b) Female and 44,XX+ SRY 

c) Male and 44, XX+ SRY 

d) Male and 44, XY 


The next 3 questions refer to the following diagram. 


12, 


5 


es | 


The arrow indicated as 3) above represents the process 


a) Replication 
b) _ Transcription 
c) Translation 


d) Mutation 


Question I is continued on the next page. 
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The arrow indicated as 1) above represents the process 


a) 
b) 
c) 
d) 


Replication 
Transcription 
Translation 


Mutation 


One of the chemicals involved in the process 1) and indicated by the box a) is 


a) 
b) 
c) 
d) 


DNA 

RNA 

DNA polymerase 
DNase 


In a human population of 4,000 the proportion of males with an X linked recessive form of 
colourblindness is 0.16. The proportion of females that will be expected to be colourblind is? 


a) 0.16 
b) 0.0256 
c) 0.4 
d) 0.84 


Question 2 (20 marks) 


Answer both sections of this question. 


a) There are 3 forms of ribonucleic acid (RNA). For each of these state their name, where they 
are made, identify their role in a cell and describe their structure with any special points 
relevant to each. Diagrams may be used to support your answer. (15 marks) 


b) Identify the differences between DNA and RNA. (5 marks) 


Question 3 is on the next page. 
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Question 3 (20 marks) 


Answer all parts of this question. 


Wayne and Marge had always thought that their identical twin sons Wally and Todd had unusually 
large toes. This was cute when they were infants, but as they began to walk their feet didn’t fit easily 
into shoes. The problem worsened as they grew older, but they discovered a certain brand of running 
shoe that fitted them well. 


Wayne’s mum, Cecile, recalled that she had similar problems fitting both Wayne and his younger 
sister Colleen with shoes when they were children. Cecile’s deceased husband, George had very 
bizarre feet. Colleen and her husband Jack have a 4 year old daughter Leah, who has the family’s 


large toes, too. 


Colleen is a geneticist. She suspected that Wally, George, Todd, Wayne, Leah and herself have a 
form of acrocephalosyndactyly (ACS), an inherited disorder. She suggested that the affected relatives 
have their toes x-rayed and as she suspected, they all have the unusual sign of this condition — double 


bones in each toe. 


a) Complete the pedigree of this family indicating all affected individuals clearly. (6 marks) 

b) This disorder is very rare. Of known affected families there are no instances of consanguinity. 
Does this support a mode of inheritance of autosomal recessive or autosomal dominant 
inheritance? (3 marks) 


c) What is the most likely mode of inheritance for ACS? Explain you decision. (2 marks) 


d) With respect to your answer in C) what are the likely genotypes for Cecile, Marge, Jack and 
Wayne? (3 marks) 


e) Later Leah marries John, a ballet dancer with exquisite slim toes. What is the probability that 


a child of theirs would inherit John’s normal toes? Define any symbols you use to determine 
your answer. (4 marks) 


f) What if Todd does not show the double bones in his feet but just has large normal toes. How 
will this affect your answer to part C)? (2 marks) 


Question 4 is on the next page. 
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Question 4 (20 marks) 


Answer all parts of this question. 


Japanese researchers examined mutant alleles of a gene that encodes an enzyme, liver-type arginase, 
in four patients. The normal protein catalyses the breakdown of arginine, an amino acid. In 
argininemia, lack of the enzyme causes progressive mental retardation, spastic limb movements, 


seizures and growth retardation. 


Production of cDNA revealed that the coding portion of the gene specifies 322 amino acids. The 
entire gene DNA is 11.5 kilobases (kb) and is on chromosome 6q. Argininemia is very rare, affects 


both sexes and is inherited from carrier parents. 


Mary, Patient A, is homozygous for a G mutated to an A at DNA base 365 in the liver-type arginase 
gene. John, Patient B, is homozygous for a G to C mutation at the DNA base 703, which substitutes 
one amino acid for another. Morgan, Patient C, has both Mary’s mutation and John’s mutation. 
Daniel, Patient D, has Mary’s mutation in one allele and the other allele is a deletion of a C at DNA 


position 842. 


The researchers evaluated the phenotype associated with each allele by expressing it in E. coli. 
Mary’s abnormal protein is too short. The other mutations yield proteins of normal length but are 


unstable or otherwise non-functional. 


a) Determine the mode of inheritance of argininemia. What are your reasons for this decision? 
(3 marks) 


b) Identify the patients who are heterozygotes for the argininemia gene. Is there anyone else that 
you can say would be heterozygotes? Identify them. (3 marks) 


c) Some of these mutations are classified as missense. Who is carrying these? Which 
mutation(s) are they? (3 marks) 


d) Explain why Mary’s liver-type arginase is too short. (2 marks) 
e) Daniel, Patient D, has a distinct mutation not seen in any of the other 3 patients. What type of 


mutation is this and what effect does it have on the chemical makeup of the enzyme? (2 
marks) 


Question 4 is continued on the next page. 


GENE250, Trimester 2 2014 


f) Write the letter for the correct answer in this part of your book. (1 mark) 
Human liver-type arginase can be synthesised and expressed in E. coli because 


a) E. coli have livers 

b) The genetic code is universal 
c) The disorder is recessive 

d) E.coli also uses arginine 

e) The genetic code is triplet 


g) How many bases are in the coding portion of the liver-type arginase gene? (2 marks) 


h) Explain using diagrams to help you why the cDNA and mRNA is shorter than the DNA of the 
original gene. (4 marks) 


Question 5 (20 marks) 


In an isolated population of 50 desert bighorn sheep a mutant recessive allele c has been found 
to cause curly coats in both males and females. The normal dominant allele C produces 
straight coats. A biologist studying these sheep counted four (4) with curly coats and took 
blood samples for DNA testing. This revealed that 17 of the straight coated sheep were 
carriers of the c allele. 


a) If these alleles C and c are the only ones for this coat gene what are the frequencies for 
them in this population? Work to 3 decimal places. (4 marks) 


b) Would you expect this population to be in Hardy-Weinberg equilibrium for the coat gene? 
Why? (3 marks) 


c) If the population is in Hardy-Weinberg equilibrium what proportions would you expect 
for the three genotypes? (3 marks) 


d) What numbers would you expect for the three genotypes in this population if it is in 
Hardy-Weinberg equilibrium? (3 marks) 


e) Using a chi-square goodness of fit test determine if this population is in Hardy-Weinberg 
equilibrium. (3 marks) 


(0 —E)? 
2_ 

x =2 —F 
df 5% critical value 

1 3.84 

2 5.99 

3 7.82 


Question 5 is continued on the next page. 
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f) To increase genetic diversity in the bighorn population10 sheep were introduced from a 
population in a different region that had the c mutation absent. Assuming that random 
mating will continue what will be the allele frequencies for C and ¢ alleles in this new 
population? (2 marks) 


g) Why would the biologist want to increase genetic diversity in these bighorn sheep? (2 
marks) 


Question 6 (20 marks) 

Answer all parts of this question. 

a) Discuss briefly 2 methods used for prenatal testing. (6 marks) 

b) A prenatal testing result sheet came back to a genetic counsellor and indicated that a foetus 
has the chromosomal constitution 45, XX, +21. How would you explain this to the parents 
of the foetus? What might you tell them about the phenotype of the baby? What 
implications would this have for them as parents of future children? (8 marks) 

c) Outline the process of meiosis. Include a discussion of the implications of chromosomal 


arrangements during the first stage of meiosis. You may use diagrams to aid your 
discussion. (6 marks) 


A translation table is on the next page. 
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The mRNA Genetic Codon Translation Table 


Second ribonucleotide 
fe I OS Ise es T 


First ribonucleotide - 5’ 
,€ - 9pHospnuoeqis pay], 


U 
C 
A 
G 
U 
C 
A 
G 
U 
Cc 
A 
G 
U 
C 
A 
G 


breviation 
Alanine Leucine Leu 
Arginine Lysine 
Asparagine Methionine 


Aspartate (Aspartic Phenylalanine 
acid) 


Cysteine Proline 


Glutamate Serine 
(Glutamic acid) 


Glutamine Threonine 
Glycine Tryptophan 
Histidine i Tyrosine 


Isoleucine Valine 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do so may 
result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been returned. 
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